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Abstract: Based on the daily precipitation data of 27 meteorological stations from 1960 to 
2009 in the Huaihe River Basin, spatio-temporal trend and statistical distribution of extreme 
precipitation events in this area are analyzed. Annual maximum series (AM) and peak over 
threshold series (POT) are selected to simulate the probability distribution of extreme pre-
cipitation. The results show that positive trend of annual maximum precipitation is detected at 
most of used stations, only a small number of stations are found to depict a negative trend 
during the past five decades, and none of the positive or negative trend is significant. The 
maximum precipitation event almost occurred in the flooding period during the 1960s and 
1970s. By the L-moments method, the parameters of three extreme distributions, i.e., Gen-
eralized extreme value distribution (GEV), Generalized Pareto distribution (GP) and Gamma 
distribution are estimated. From the results of goodness of fit test and Kolmogorov-Smirnov 
(K-S) test, AM series can be better fitted by GEV model and POT series can be better fitted by 
GP model. By the comparison of the precipitation amounts under different return levels, it can 
be found that the values obtained from POT series are a little larger than the values from AM 
series, and they can better simulate the observed values in the Huaihe River Basin.  
Keywords: Huaihe River Basin; extreme precipitation; extreme distribution; L-moments method; Kolmo-
gorov-Smirnov test  
1  Introduction 
Under the impact of global climate change, extreme events such as flood, drought, typhoon, 
etc., occurred more frequently which have caused increasing economic losses and exerted 
great influence on social stability, economic development and people’s livelihood. The fre-
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quent occurrence of extreme events has a close relation with precipitation distribution, espe-
cially the spatio-temporal distribution of extreme precipitation event (Zhang et al., 2011). 
Intergovernmental Panel on Climate Change (IPCC) 4th assessment report has pointed out 
that an increased trend of the occurrence probability of extreme precipitation event has been 
detected in most inland areas (IPCC, 2007), and results from observational studies have also 
shown the fact that the average intensity, total amount and number of extreme precipitation 
event have increased in most areas in China (Wang and Tian, 2010). 
Researches on extreme precipitation event especially on the spatio-temporal and statisti-
cal distribution analysis have attracted more and more attention in the past several decades 
(Zhang and Wei, 2009; Alexander et al., 2006; Rodrigo, 2010; Trömel and Schönwiese, 
2007; Unkašević et al., 2004). For example, Alexander et al. (2006) investigated global ob-
served changes of daily climate extreme of precipitation. Zhang et al. (2007) analyzed 
changing features of extreme precipitation in the Yangtze River Basin during 1961–2002. 
Shahid (2011) carried out the study of the variability of the extreme rainfall events in Bang-
ladesh during 1958–2007. Kunkel et al. (1999) studied long term trends in extreme precipi-
tation events over the conterminous United States and Canada. 
Many studies have indicated that extreme precipitation is often related to floods, and the 
variation of frequency and intensity of extreme precipitation can directly trigger floods. Af-
fected by the East Asian monsoon, large-scale floods can easily happen in eastern China, 
especially in the Yangtze and Huaihe River basins (Cai et al., 2007a). The Huaihe River Ba-
sin is located in the transitional zone between the abundant rainfall area of southern China 
and the arid area of northern China, belonging to the warm temperate and semi-humid mon-
soon region with significant seasonal precipitation variation. Heavy rainfall event is a fre-
quently happened disaster in summer in this area. Dong et al. (2009) investigated and com-
pared the probability functions between extremes of precipitation and discharge in the 
Huaihe River Basin, and found that the natural rivers and hydraulic engineering can adjust 
the process of natural hydrological cycle and reduce the risk of flooding disaster resulting 
from the extreme precipitation events in regional scale. Wang and Tian (2010) analyzed 
trend of extreme precipitation during 1960–2007 in the Huaihe River Basin and found that 
there is a positive trend in both frequency and intensity of extreme precipitation events. 
From the study of extreme precipitation events in the Yangtze and Huaihe River basins dur-
ing 1961–2006, Zhang et al. (2009) obtained the results that climate becomes wetter in this 
area, but the trend is not significant. Based on the analysis of spatio-temporal variation in 
Anhui Province of the Huaihe River Basin, Ma et al. (2009) found that the heavy and storm 
rainfall amount depicts an insignificant trend in this area during the past several decades, 
while the disaster area of floods depicts a significant positive trend. In the 21st century, the 
more-than-normal summer rainfall occurs frequently in the Huaihe River Basin, such as the 
severe flood disasters in 2003, 2005 and 2007, which brought huge losses to human life, 
wealth, and economy in this area (Wei and Zhang, 2010). However, specific study on the 
spatio-temporal trend and statistical characteristic of the Huaihe River Basin is still limited. 
In this research, daily precipitation data of 27 meteorological stations during 1960–2009 in 
the Huaihe River Basin is considered. Spatio-temporal variation of extreme precipitation is 
analyzed and statistical characteristic of extreme precipitation is studied in this area. This 
research can provide some basis for future extreme precipitation analysis in the Huaihe 
River Basin. 
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2  Data and methods 
In this study, daily precipitation records of 27 meteorological stations during 1960–2009 in the 
Huaihe River Basin are considered to analyze the spatio-temporal distributions and probability 
characteristic in this area. The DEM and location of used stations are given in Figure 1.  
 
Figure 1  The DEM and location of meteorological stations in the Huaihe River Basin 
Inhomogeneities often exists in daily precipitation records because of changes in observa-
tional routines such as station relocations, changes in measuring techniques and changes in 
observing practices (Wijngaard et al., 2003). Considered that climate extremes are a small 
probability event that a slight error might cause a large deviation in the result, it is very cru-
cial to test the homogeneity of used records so as to make sure the reliability and precision 
of the results. In this study, homogeneity of used daily precipitation records is tested using 
the method proposed by Wijngaard et al. (2003), and the results show that all of the data 
have passed the homogeneity test under 95% confidence level. 
In general, extreme precipitation is defined as daily precipitation exceeds a certain inten-
sity level (such as 50 mm/d) or exceeds a certain quantile (such as >90th) or reaches a cer-
tain return period (Su et al., 2008; Groisman et al., 1999). In this study, two kinds of ex-
treme series (annual maximum series, AM; peak over threshold series, POT) are considered. 
AM series consists of annual maximum daily precipitation. Because of the various climate 
conditions in different areas, the maximum daily precipitation events may occur not only 
one time but several times in wet areas or wet years. On the other hand, not only the maxi-
mum precipitation but the second or third largest rainfall may also induce extreme precipita-
tion event in some years, and even the maximum precipitation may also be difficult to in-
duce extreme precipitation event in some years. Therefore, some useful information will be 
excluded or some worthless information will be taken into account if we only consider AM 
series (Ding and Jiang, 2009). In this study, POT series related to precipitation exceeds a 
certain quantile or threshold is considered. POT series largely depends on the selection of 
thresholds, and 99.5th quantile is selected in this research, thus means that all of the daily 
precipitation exceeds 99.5th quantile of all records will be considered as extreme precipita-
tion. Figures 2 and 3 present the spatial distribution of mean and standard variance of AM 
and POT series.  
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Figure 2  The spatial (a) and standard variance (b) distribution of AM series in the Huaihe River Basin (std 
means standard variance in Figure 2b) 
 
Figure 3  The spatial (a) and standard variance (b) distribution of POT series in the Huaihe River Basin (std 
means standard variance in Figure 3b) 
From Figures 2 and 3, similar distribution can be found for both AM and POT series that 
the extreme precipitation is mainly observed in the southwestern and eastern parts of the 
Huaihe River Basin. From the comparison of AM and POT series, mean and standard vari-
ance of POT series is a little lower than that of AM series. Figure 4 gives an example of AM 
and POT series of Bozhou meteorological station in the Huaihe River Basin. It can be seen 
that length of AM series is the same as that of the considered year and there is a maximum 
value in each year. It can also be found that the maximum precipitation amount in some 
years even lower than the second or third largest precipitation amount in other years. For  
 
Figure 4  AM and POT series of Bozhou meteorological station (the solid and dotted lines represent the means 
of AM and POT series respectively) 
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example, the maximum precipitation amount in 1975 is 50.8 mm, while the sixth largest 
precipitation amount of POT series in 1963 is 63.2 mm, it is obvious that this precipitation 
event consist of very important extreme information while AM series is not considered. It is 
worth noting that mean of POT series is lower than that of AM series (Figure 4) which is the 
same with the results from Figures 2 and 3. 
3  Methods 
3.1  Mann-Kendall trend analysis method 
In this study, Mann-Kendall (M-K) trend analysis method is used to detect the trend of ex-
treme precipitation. M-K method is a non-parametric test method which is widely used in 
the trend and significant analysis of precipitation, temperature and hydrological series (Xu 
and Zhang, 2006; Chu et al., 2010). Yue and Wang (2002) found that the higher the 
auto-correlation in climatic series, the larger the error may expect in using M-K method. 
Generally, the auto-correlation in time series needs to be removed (Yue and Wang, 2002).  
For a given time series { }, 1,2, ,ix i n= " , with the method given in Yue and Wang (2002), 
the auto-correlation in the time series can be removed and the new series is also noted as 
{ }, 1,2, ,ix i n= "  in this study. If ni is the number of later records in the series whose values 
exceed xi, then the sum of ni is calculated as p: 
i
i
p n=∑  
The Mann-Kendall statistic S is computed as 
( )
4 1
1
pS
n n
= −−  
Under the null hypothesis, the distribution of S is normal when n →∞ . So the mean and 
variance of S can be given as 
( ) 0E S =  
( ) ( )
4 10
9 1
nD S
n n
+= −  
The standardized test statistic value τ can be computed as follows 
( )
S
D S
τ =  
τ can be used to reflect the trend of time series. In a two-sided test for trend, the upward 
(downward) trend can not be rejected at significant level 1 α−  if 2ατ τ>  ( 2ατ τ< − ), 
where 2ατ  is the 2α  quantile of the standard normal distribution. A positive τ value de-
notes an upward trend and a negative τ value denotes a downward trend. So τ >1.96 
(τ <−1.96) indicates a significant upward (downward) trend at the 95% confidence level. 
3.2  Selection of extreme model and estimation of parameters 
3.2.1  Extreme probability model 
In this study, three statistic models (Generalized extreme value distribution, GEV; General-
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ized Pareto distribution, GP; Gamma distribution, Gamma), which are widely used in the 
extreme precipitation analysis, are selected to fit AM and POT series. The cumulative prob-
ability density functions of the foregoing three models are given in Table 1.  
 
Table 1  The cumulative distribution function, L-moments estimates of parameters and precipitation amount 
when return year is T years associated with the considered distributions 
Distribu-
tion Cumulative distribution function 
L-moments estimates of  
parameters 
Precipitation amount under  
return period T years 
GEV 
( ) ( )( ){ }1/exp 1 kF x k x ξ α⎡ ⎤= − − −⎣ ⎦
0k ≠  
( )
2
3
ˆ 7.8590 2.9554
2 3 ln 2 ln 3
k z z
z t
≈ +
= + −  
( ) ( ){ }ˆ2 ˆ ˆˆ 1 2 1kl k kα −= − Γ +  
( )1 ˆ ˆˆ ˆ 1 1l k kξ α ⎡ ⎤= − −Γ +⎣ ⎦  
( )( ) ˆˆˆ 1 ln 1 1ˆ kTX Tk
αξ ⎛ ⎞= + − − −⎜ ⎟⎝ ⎠  
GP 
( ) 1 yF x e−= −  
( )
( )
ln 1 , 0
, 0
k x k k
y
x k
ξ α
ξ α
⎧− − − ≠⎡ ⎤⎪ ⎣ ⎦= ⎨ − =⎪⎩
 
( ) ( )3 3ˆ 1 3 1k t t= − +  
( )( ) 2ˆ ˆˆ 1 2k k lα = + +  
( )1 2ˆˆ 2l k lξ = − +  
( )( )ˆˆˆ 1 1ˆ kTX Tkαξ= + −  
Gamma 1
0
1( )
( )
x xF x x e dx− −= Γ ∫ α βαβ α  
if 0 1 2t< < , then 22z tπ=  
2 3
1 0.3080ˆ
0.05812 0.01765
z
z z z
α −≈ − + ;
if 1 2 1t <≤ , then 1z t= −
2
2
0.7213 0.5947ˆ
1 2.1817 1.2113
z z
z z
α −≈ − + ; 
1
ˆ ˆlβ α=  
( )( )1T TX F F X−=  
 
In Table 1, α, ξ  and k represent scale, location and shape parameter of GEV and GP 
model respectively. 
( ),xI p q  is incomplete β function, and ( ) ( )( ) ( ) ( )
11
0
, 1
x qp
x
p q
I p q t t dt
p q
−−Γ += −Γ Γ ∫ . 
3.2.2  L-moments method 
L-moments method is proposed by Hosking based on Probability Weighted Method (PWM) 
(Hosking, 1997; 1990). The most prominent feature of L-moments method is not so sensitive 
to the maximum and minimum values compared to ordinary moments. Therefore, the esti-
mates of parameters by L-moments method are more robust than that by moment method 
(Cai et al., 2007b). In this study, L-moments method is used to estimate the parameters of 
considered statistical models. 
For a given sample 1 2, , , nx x x" , let 1, 2, ,n n n nx x x"≤ ≤ ≤  denote the order statistics of 
this series. According to the definition of L-moments, the first four order L-moments are 
(Xiong and Guo, 2003) 
1 0
2 1 0
3 2 1 0
4 3 2 1 0
2
6 6
20 30 12
l b
l b b
l b b b
l b b b b
=⎧⎪ = −⎪⎨ = − +⎪⎪ = − + −⎩
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( )( )( )
( )( )( )3 ,4
1 2 31
1 2 3
n
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j
j j j
b x
n n n n=
− − −= − − −∑ . 
Then, the estimation of coefficient of variation (τ 2 ), L-skewness (τ 3 ) and L-kurtosis 
(τ 4 ), which are t2, t3 and t4 respectively, can be computed. 
2 2 1t l l= , 3 3 2t l l= , 4 4 2t l l=  
The estimates of parameters of GEV, GP and Gamma model by L-moments are given in 
Table 1.  
3.2.3  Return period 
Return period is an important parameter in the process of hydraulic project design and it is 
also an important purpose of the extreme value distribution analysis (Su et al., 2008). Table 
1 gives the quantiles of GEV, GP and Gamma functions when return period is T years. For 
POT series, the return period year T is replaced with δT where δ is the average number of 
analyzed events per year. 
3.2.4  Goodness of fit test 
An interesting property of the L-moments is the L-skewness and L-kurtosis can be easily 
compared with the empirical values because these theoretical L-moments depend exclu-
sively on just on parameter of GEV, GP and Gamma models (Hosking, 1997). Thus, the op-
timum fitted distribution functions for each meteorological station will be the one giving the 
least discrepancy between the empirical and theoretical L-skewness and L-kurtosis. This 
method can be used to select the best model for the considered AM and POT series. 
For AM and POT series, the estimates of τ 3  and τ 4  can be obtained by t3 and t4 respec-
tively by using the L-moments method ( ( )4 3fτ τ= ). If we substitute τ 3  by t3 in the equa-
tion, the estimation of L-kurtosis under GEV, GP and Gamma models can be computed as 
4
estimatet . The distance D between ( )3 4,t t  and ( )3 4, estimatet t  can be compared and the model 
which gives the minimum distance values can be chosen as the best fit model for each sta-
tion. 
Besides the method of L-moments, Kolmogorov-Smirnov test (K-S) is also used to select 
the best fit model. The test will compare the observed and theoretical frequency of extreme 
probability models. The maximum absolute deviation (Dmax) between the two cumulative 
values of the observed and expected frequencies is computed. If Dmax is found to be no more 
than the critical value, D0.95 under 95% confidence level, the probability model can be con-
sidered as significantly fit model to the observed data. In this study, the probability model 
which gives the minimum value of Dmax is selected as the optimum model.  
4  Results and discussion 
4.1  The spatio-temporal distribution of extreme precipitation 
Annual maximum precipitation series of 27 meteorological stations during the past 50 years 
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are analyzed by M-K method (Table 2). The distribution of extreme precipitation is also ana-
lyzed and Figure 5 gives the maximum precipitation amount and its occurrence date of each 
used station in the Huaihe River Basin. 
 
Table 2  The M-K value of AM series and the K-S test value of AM and POT series 
AM series POT series 
Station M-K value GEV GP Gamma Best  distribution GEV GP Gamma 
Best  
distribution 
Huoshan 1.564 0.058 0.092 0.139 GEV 0.043 0.074 0.188 GEV 
Liuan 0.828 0.074 0.090 0.095 GEV 0.094 0.069 0.109 GP 
Xinyang 0.594 0.079 0.055 0.073 GEV 0.069 0.041 0.124 GP 
Gushi –0.477 0.058 0.079 0.065 GEV 0.062 0.043 0.144 GP 
Shouxian –0.209 0.056 0.071 0.066 GEV 0.055 0.043 0.123 GP 
Gaoyou 0.025 0.054 0.092 0.077 GEV 0.065 0.045 0.154 GP 
Fuyang 0.644 0.051 0.082 0.104 GEV 0.083 0.050 0.139 GP 
Dongtai 0.510 0.068 0.109 0.132 GEV 0.043 0.060 0.137 GEV 
Bengbu 1.330 0.050 0.082 0.047 GEV 0.078 0.039 0.133 GP 
Xuyi 0.744 0.075 0.065 0.081 GP 0.102 0.067 0.134 GP 
Zhumadian 0.795 0.080 0.122 0.091 GEV 0.075 0.047 0.150 GP 
Suxian 0.477 0.063 0.053 0.088 GP 0.054 0.027 0.136 GP 
Sheyang –0.460 0.057 0.085 0.107 GEV 0.041 0.053 0.138 GP 
Xihua 1.648 0.073 0.063 0.113 GP 0.082 0.048 0.155 GP 
Bozhou 0.945 0.060 0.048 0.128 GEV 0.058 0.033 0.145 GP 
Baofeng –0.678 0.063 0.063 0.066 GEV 0.050 0.049 0.137 GP 
Xuchang 1.029 0.066 0.084 0.059 GEV 0.103 0.077 0.140 GP 
Xuzhou 0.427 0.083 0.122 0.122 GEV 0.039 0.085 0.153 GEV 
Dangshan 0.410 0.048 0.076 0.132 GEV 0.050 0.038 0.140 GP 
Shangqiu 0.995 0.046 0.080 0.048 GEV 0.110 0.083 0.145 GP 
Zhenzhou 0.929 0.077 0.102 0.090 GEV 0.081 0.051 0.124 GP 
Kaifeng 0.008 0.066 0.068 0.063 GEV 0.099 0.060 0.164 GP 
Ganyu –0.577 0.054 0.075 0.053 GEV 0.069 0.027 0.118 GP 
Rizhao –0.510 0.072 0.081 0.075 GEV 0.075 0.052 0.135 GP 
Yanzhou 0.243 0.090 0.133 0.136 GEV 0.049 0.074 0.174 GP 
Juxian –1.179 0.056 0.084 0.093 GEV 0.052 0.049 0.196 GP 
Yiyuan 1.330 0.056 0.073 0.068 GEV 0.060 0.040 0.158 GP 
The bold font in Table 2 represents that the model has not passed the K-S test under 95% confidence level. 
 
From Table 2, the maximum precipitation of 20 stations has a positive trend during the 
past 50 years, and only a small number of stations depict a negative trends, but it is worth 
mentioning that both positive and negative trend are not significant under 95% confidence 
level. From Figure 5, we can see that the maximum precipitation events almost occurred in 
the 1960s and 1970s during the flooding season (mostly in June and July) when considered 
the individual meteorological station.  
4.2  The extreme distribution of AM and POT series 
4.2.1  Selection of best fit model 
Figure 6 gives the empirical and theoretical L-skewness and L-kurtosis for AM and POT  
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Figure 5  The maximum precipitation amount (mm) and its occurrence date of 27 used meteorological stations 
in the Huaihe River Basin 
 
Figure 6  Empirical and theoretical L-skewness and L-kurtosis for AM (a) and POT (b) series 
series. It can be seen that GEV model can better fit AM series (Figure 6a), while GP model 
can better fit POT series (Figure 6b). Table 2 presents the best fit results of each used station 
by the method introduced in Section 3.2.4. 
The K-S values of GEV, GP and Gamma models are also calculated by the K-S test 
method and the results are presented in Table 2. For AM series, 24 stations can be better fit-
ted by GEV model while only 3 stations can be better fitted by GP model. For POT series, 
24 stations can be better fitted by GP model while only 3 stations can be better fitted by 
GEV model. This result is in accordance with the results from Figure 6. It is worth mention-
ing that Gamma model is not the optimal model no matter for AM series or POT series. 
From Table 2, it can also be seen that Gamma model has not passed the K-S test under the 
95% confidence level for Juxian station. It can be inferred that Gamma model may be un-
suitable to simulate extreme precipitation series in the Huaihe River Basin compared to GEV 
and GP models. Figure 7 gives the frequency histogram and probability functions fitted for 
AM and POT series with GEV, GP and Gamma models at Bozhou meteorological station. It 
can be found that GEV model can better simulate the variation of extreme precipitation no 
matter in the tails or in the middle part for AM series, similar results can also be found that 
GP model can better simulate POT series. 
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Figure 7  Frequency histogram and the probability functions fitted for AM (a) and POT (b) series at Bozhou 
meteorological station 
4.2.2  Return period analysis 
According to the best fit model results given in Section 4.2.1, precipitation amount in each 
individual meteorological station of AM and POT series under return periods of 5, 10, 25 
and 50 years are calculated. Figures 8 and 9 present the distribution of precipitation amount 
for AM and POT series at different return levels. 
 
Figure 8  Precipitation amount for return period of 5, 10, 25 and 50 years with the AM series considered 
As shown in Figure 8, precipitation distribution of AM series is similar at different return 
levels. The maximum precipitation almost concentrated in the southwestern and eastern 
parts of the Huaihe River Basin which is similar to the mean precipitation distribution of 
AM series in Figure 2. Seen from Figure 9, the precipitation distribution of POT series is 
similar to that of AM series when return period is 5 years, while most of extreme precipita-
tion of POT series are located in the southwestern part of the Huaihe River Basin when re-
turn period is 10, 25 and 50 years.  
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Figure 9  Precipitation amount for return period of 5, 10, 25 and 50 years with the POT series considered 
Figure 10 presents the comparisons of predicted and observed precipitation amount under 
different analysis models of AM and POT series for Bozhou meteorological station. Return 
period from 1 to 100 years is considered. It can be seen that predicted precipitation amount 
from GEV model can better fit observed ones for AM series, while predicted precipitation 
amount from GP model can better fit observed ones for POT series, thus prove that GEV and 
GP model can better fit AM and POT series respectively.  
 
Figure 10  Comparisons of predicted and observed precipitation amount under different analysis models of AM 
(a) and POT (b) series for Bozhou meteorological station 
It is worth mentioning that simulated precipitation amount by POT series is a litter larger 
than that by AM series in different return years (Figures 8 and 9). Figure 11 gives the distri-
bution of maximum precipitation data during the past 50 years. Figure 12 presents the rela-
tive error between observed and simulated values of AM and POT series in the optimum 
extreme distribution when the return period is 50 years. By the comparison of Figures 8d, 9d 
and 11, it can be found that the simulated precipitation amount is lower than observed values 
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no matter for AM series or POT series. It is worth noting that the larger the precipitation 
amount, the larger the relative error. For example, the maximum precipitation amount of 
Zhumadian station during the last 50 years is 420.4 mm, which is used as the precipitation 
amount when return period is 50 years. The relative error between the simulated and ob-
served precipitation amounts is 34.9% and 30.0% respectively. In the whole study area, rela-
tive error of POT series is lower than that of AM series in most of the considered stations 
(Figure 12), thus indicated that POT series can better simulate extreme precipitation event 
compared to AM series in the Huaihe River Basin. 
 
Figure 11  The distribution of maximum precipitation data during 1960–2009 
 
Figure 12  The relative error between observed and simulated values of AM and POT series in the optimum 
extreme distribution when the return period is 50 years 
5  Conclusions 
In this research, daily precipitation records of 27 meteorological stations during 1960–2009 
in the Huaihe River Basin are selected to study the spatio-temporal variation and statistical 
characteristic of extreme precipitation event in the research area. Two extreme series (AM 
series and POT series) are considered. The main conclusions can be given as follows: 
(1) In the past 50 years, the maximum precipitation amount of most considered stations in 
the Huaihe River Basin depict a positive trend while only a small number of stations depicts 
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a negative trend. Both positive and negative trends are not significant at 95% confidence 
level. The maximum precipitation events almost occurred in the 1960s and 1970s during the 
flooding season (mostly in June and July) when the individual meteorological stations are 
considered. 
(2) From the relationship of L-kurtosis and L-skewness and K-S test results, it can be 
found that GEV model can better fit AM series while GP model can better fit POT series. 
Compared to GEV and GP models, Gamma model is unsuitable to fit both AM and POT 
series, and the simulation of POT series of Juxian station using Gamma model even has not 
passed the K-S test at 95% confidence level. 
(3) By comparison of the precipitation amount in return periods of 5, 10, 25 and 50 years, 
it can be found that precipitation distribution from AM series is similar at different return 
levels and most of the extreme precipitation is distributed in the southwestern and eastern 
parts of the Huaihe River Basin. When return period is 5 years, the precipitation amount of 
POT series depicts a similar distribution with that of AM series, while when return period is 
10, 25 and 50 years, most of the extreme precipitation is distributed in the southwestern part 
of the research area. Simulated precipitation amount from AM series is a litter lower than 
that from POT series at the same return levels. The comparison of relative errors of simu-
lated and observed precipitation amount indicate that POT series can better fit extreme pre-
cipitation events than AM series in the Huaihe River Basin. 
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